OBJECTIVEdTo investigate the prospective influence of work stress on type 2 diabetes (T2D).
W ork stress has been acknowledged as a risk factor for cardiovascular diseases, at least in men (1, 2) . The impact of work stress on the risk of type 2 diabetes (T2D) is still not widely studied, and the results are partially contradictive.
The role of psychosocial working conditions can be analyzed by applying the job strain model of Karasek (3) , in which a combination of job demands and decision latitude (job control) at work measures the impact of stress on the risk of disease. In our previous cross-sectional study of women in the Stockholm Diabetes Prevention Program (SDPP), low decision latitude was associated with T2D; however, job demand was not (4) . In the Whitehall II Study and the Västerbotten Intervention Program (5, 6) , job strain/tense work was prospectively associated with an increased risk of T2D in women, while no association was observed in men. In contrast, job strain was unrelated to diabetes in the Nurses' Health Study II (7) , which included only women. In addition to psychosocial work stress, years of rotating night-shift work have been associated with a modestly increased risk of T2D (7, 8) . A potential association between psychosocial work stress and T2D has been suggested to involve dysregulation of neuroendocrine pathways that lead to visceral obesity and insulin resistance (9) or to be mediated through unfavorable health behaviors.
The hypothesis that psychosocial work stress increases the risk of T2D was not confirmed in a recent metaanalysis (10) . The authors noticed that there are very few studies in this area available, and only one previously published study with both prospective design and assessment of diabetes status using fasting blood glucose or oral glucose tolerance test (OGTT) at both baseline and follow-up health examinations (5) .
Against this background, we assessed prospectively in a population-based cohort of Swedish middle-aged men and women whether there is an association between self-reported stress factors at work (high demands, low decision latitude, job strain, shift work, and overtime work), and prediabetes and T2D 8-10 years later (measured with OGTT). In addition, we evaluated if sense of coherence (SOC) (11) , which facilitates successful coping with stressors, influenced the risk of T2D.
RESEARCH DESIGN AND METHODS

Study population
This follow-up study included 2,227 men and 3,205 women with baseline normal glucose tolerance (NGT) in the SDPP, a prospective population-based cohort described in detail elsewhere (12) . In brief, the SDPP baseline study group consists of 3,128 men and 4,821 women aged 35-56 years, characterized in 1992-1994 (men) or 1996-1998 (women) using questionnaires and OGTTs. Abnormal glucose regulation was defined according to the World Health Organization criteria from 1999 (13) . Participants were invited for a health examination after ;8 (women) to 10 (men) years of follow-up. The total follow-up study sample comprised 2,383 men and 3,329 women, representing 76.2 and 69.1%, respectively, of the baseline study population. Of the 2,227 men with baseline NGT who could be followed throughout this follow-up period, 255 developed prediabetes (impaired fasting glucose and/or impaired glucose tolerance), and 111 developed T2D. Of the 3,205 women with NGT, 181 developed prediabetes, and 60 developed T2D.
Classification of work-related factors
Five questions on work demands and five questions on decision latitude were obtained from the Swedish version of the Karasek and Theorell demand-decision latitude questionnaire (14) . The questionnaire lacked one of the original six items on decision latitude (i.e., Do you have the freedom to decide how your work should be performed?). Demand refers to the load of work a person experiences; decision latitude describes a person's skills and ability to master his/her work activities. An index on demand and decision latitude was created from scores that were obtained from a four-scale responding alternative: almost always, often, seldom, and never. The scores ranged from 1 to 4 points on each question. From the distribution of total scores among all respondents, cutoff groups were created from the upper, middle, and lower tertiles.
For job strain (job strain 1), the tertile with high demands and the tertile with low decision latitude were combined and regarded as exposed to job strain, whereas all others were regarded as unexposed (4) . Furthermore, we used combinations of median split demands and decision latitude, such that job strain (job strain 2) was defined as low strain (low demands and high decision latitude), passive job (low demands and low decision latitude), active job (high demands and high decision latitude), and high strain (high demands and low decision latitude) (3).
Shift work was derived from one question, Do you do shift work?, with answer possibilities "yes" or "no." Overtime work was also derived from one question and divided into yes (answer categories "work overtime once or twice a week," "often work overtime," and "do not have regulated hours at all" combined) or no ("never work overtime").
Self-reported SOC was based on three questions that have been validated with satisfactory results and are suggested to capture the essence of the three dimensions of SOC: sense of manageability, comprehensibility, and meaningfulness (15) . An index was created from the three questions: 1) Do you usually see a solution to problems and difficulties that other people find hopeless? 2) Do you usually feel that the things that happen to you in your daily life are hard to understand? and 3) Do you usually feel that your daily life is a source of personal satisfaction? The responding alternative "yes, usually" scored three points, "yes, sometimes" scored two points, and "no" scored one point for the questions on meaningfulness and manageability; the question on comprehensibility was scored in the reverse order. The index of summed scores among all respondents was divided into categories: low (3-6 points), middle (7-7.5 points), and high (8 to 9 points) SOC.
Classification of potential confounders
Potential confounders were assessed at baseline. Family history of diabetes was based on self-report and defined as known diabetes in at least one first-degree relative (parent or sibling) or at least two second-degree relatives (grandparents, uncles, or aunts), with diabetes onset generally at age .35 years (,6% were ,35 years). Body height and weight were measured with subjects wearing light indoor clothes and no shoes. For analyses, BMI was divided into three groups (,25.0, 25.0-29.9, and $30.0 kg/m 2 ). Waist circumference was measured in the lying position midway between the lower costal margin and iliac crest and divided into three categories: for women, ,80, 80-87, and $88 cm, and for men, ,94, 94-101, and $102 cm. Smoking habits were analyzed in three categories from information in the questionnaire: never, former, and current smoking. Physical activity during the last year was measured from a question with four response optionsdsedentary, moderately active, regular exercise, and regular exercise and trainingdand categorized as low or regular physical activity. Educational level was categorized into low (elementary school and junior high school), middle (high school, technical or vocational school), or high (university or college). Civil status was defined as whether subjects were married or living together with someone.
Psychological distress was divided into high, middle, and low based on a summed index of five questions concerning symptoms of insomnia, apathy, anxiety, depression, and fatigue (12) .
Data analysis
Odds ratios (ORs) and corresponding 95% CIs were calculated using multiple logistic regression analysis. The outcome parameters were T2D and prediabetes. Individuals with NGT at follow-up were used as the control group. As independent parameters, we used stress factors at work: work demands, decision latitude, job strain, shift work, and overtime work and also SOC, as defined above. Only persons who were employed, self-employed, or temporarily sick-listed were requested to describe their work conditions. Thus, 95% of the women and 97% of the men answered these questions.
The crude model was adjusted for age. In a second model, we considered potential confounders mentioned above as follows: first, we checked whether a variable was associated with both the dependent and independent parameter by using x 2 tests. If this was the case, a variable was considered a confounder and used in the final analyses if the OR in the exposure of interest changed the age-adjusted measure by at least 10%. From the potential confounders that we tested, educational level and psychological distress were the only measures that changed the age-adjusted ORs by .10%. Furthermore, in a third model, we adjusted also for all other available potential confounders. Waist circumference and BMI had similar influence on the estimates, so BMI was chosen to be included. All analyses were performed only on the individuals with data on all work stress parameters and potential confounders. We also adjusted the exposure of interest for the other work-related stress factors and SOC.
Analyses were done for men and women combined and separately. To evaluate if the associations differed in men and women, we studied effect modification in a combined estimate by including interaction terms between the studied work-related factors and gender. Comparison of continuous variables and categorical variables between two independent groups was assessed with ANOVA and the x 2 test, respectively. The analyses were computed with the SAS Statistical Program version 9.1 (SAS Institute).
RESULTSdOverweight or obesity (BMI $25 kg/m 2 ), family history of diabetes, current smoking, low physical activity, and low educational level were more prevalent in men and women who developed abnormal glucose regulation (prediabetes or T2D) compared with those who still were having NGT at follow-up (Table  1) . Civil status did not differ significantly between the groups. High psychological distress was more prevalent in men with abnormal glucose regulation compared with those with NGT, although not in women. Finally, subjects with abnormal glucose regulation were slightly older.
Results from univariate analyses for the association between work-related factors and covariates are shown in Supplementary Tables 1 and 2 .
The difference in work-related factors at baseline between follow-up participants and nonparticipants was analyzed (Supplementary Table 3 ). In women, there was a lower proportion with job strain among participants compared with nonparticipants, and high SOC was more prevalent among participants than among nonparticipants. For men, no differences were observed. The distribution for other characteristics/potential confounders has been previously published (12) .
Decision latitude, shift work, overtime work, and SOC were not associated with T2D when men and women were analyzed as one group and potential confounders were taken into consideration (Table 2) When we included an interaction term between work-related factors and gender, this was significant only for job strain 1 (P = 0.008).
Further, we estimated the risk for T2D associated with the different workrelated factors in men and women separately. Women with low decision latitude at work had an increased risk of T2D compared with women with high decision latitude (OR 2.1 [95% CI 1.0-4.4] and OR 2.4 [1. 1-5.2] in the two models, respectively) ( Table 3 ). The risk was In men, high work demands decreased the risk of T2D when compared with low work demands (OR 0.5 [95% CI 0.3-0.9] for both confounding models) (Table 4) . Also, having an active job was associated with a 60% decreased risk of T2D compared with having a low-strain job (OR 0.4 for both confounding models [95% CIs 0.2-0.8 and 0.2-0.9, respectively]). In addition, a high-strain job was associated with a decreased risk of T2D (OR 0.5 [0.3-0.9] for both models). An increased risk for T2D observed for the crude estimate of SOC was no longer significant when potential confounders were taken into consideration. The main reason for this was the inclusion of psychological distress in the model. Decision latitude, shift work, and overtime work were not associated with T2D in men. Again, the results did not materially change after mutual adjustment for other stress factors at work and SOC.
In addition, we studied the associations between stress factors at work and SOC on the incidence of prediabetes. However, there were no associations found (Supplementary Tables 4-6 ).
CONCLUSIONSdThe results of this study indicate that the risk of T2D is influenced by stress factors at work in middle-aged women and men. In women, low decision latitude predicted T2D, especially when combined with high work demands (high job strain). Furthermore, shift work increased the risk of T2D in women, although this association disappeared when all available confounders were taken into consideration. In men, the risk of T2D was decreased by high work demands, an active job, and a highstrain job.
When the influence of stress factors at work and SOC was studied on the incidence of prediabetes, no associations were found in either men or women. Consequently, it is possible that these factors are not having an effect on the early development of abnormal glucose regulation.
In a recent meta-analysis compiling the available literature in this area (10), it was reported that an association between work psychosocial stress and T2D could not be confirmed. However, the designs of the original studies were heterogeneous with regard to adjustments for confounders and covariates. Also, whereas a small number of cases may contribute to results being due to chance, the increased risk observed in women in some of the studies was possibly diluted when combined with men. Only one of the included original studies was, as in our study, based on prospective data and with formal Table 2dOR and 95% CI for T2D in association with work-related factors and SOC in the whole study group, women and men combined assessment of T2D by OGTT at both baseline and follow-up (5).
Our finding that job strain is associated with an increased risk of T2D in women, but not in men, is in accordance with two other prospective studies: similar results were also found in the Västerbotten Intervention Program (6) and the Whitehall II Study (5) . The only study that published prospective data in women and did not find an association between job strain and risk of T2D was the Nurses' Health Study II (7) . The discrepancy might be due to the fact that the Nurses' Health Study II included a selected occupational group, which may experience a lower variation in job strain than the populations studied in the other prospective studies. In a Japanese study of male industrial workers (16), job strain did not increase the risk of T2D. In contrast, another measure of work stress, effort-reward imbalance, has been associated with T2D in men, while no association was observed in women (17) . When job strain in our study was defined in four groups, as low strain, passive job, active job, or high strain, the influence of a highstrain job (high demands and low decision latitude) in women was attenuated. This is probably explained by the fact that median splits were used in this analysis, implying that the contrast between the exposure groups became less pronounced.
When analyzing the individual components of job strain, namely work demands and decision latitude, work demands were not a crucial work stress factor influencing the risk of T2D in women. Instead, it was low decision latitude that increased the risk of T2D. This is in line with the results from the Västerbotten Intervention Program (6) and with the previous literature on, for instance, coronary heart disease, in which lack of control/low decision latitude over the job's demands has been shown to be the important factor. An increased risk with a demanding job often appears only in combination with low control/ decision latitude (18) .
High work demands, high strain, and an active job (high demands and high decision latitude, according to median splits) conferred a protective effect on T2D risk in men. According to the job strain model, an active job entails work situations that often are intensively demanding and involve the workers in activities over which they feel a large amount of control and also the freedom to use all available skills. This leads to a state of positive activity that facilitates development and learning (18) . At the same time, it could be proposed that the result of a decreased risk of T2D associated with an active job reflects a "healthy worker effect," which would mean that only individuals with the resource of strong health will have jobs characterized by high demands in combination with high decision latitude. Also, it may be noted that a decreased risk of T2D associated with an active job was not observed in women.
For overtime work, we could not see any association with the development of T2D in either women or men. Working overtime has been associated with a slightly increased risk of developing T2D (7), and in a study in Japanese industrial workers, .50 h overtime per month gave a 3.7 times higher risk compared with those working 0-25 h per month (16) . In contrast, another Japanese study found a protective effect of overtime work on the risk of impaired glucose tolerance or T2D in Japanese male office workers (19) .
There was an increased risk of T2D associated with shift work in women in the current study. At the same time, when the estimate adjusted for age, education, and psychological distress was further adjusted for the other potential confounders, the association became attenuated and nonsignificant, mainly due to the influence of BMI. Likewise, in The Nurses' Health Study II (7), a positive association between years of rotating night-shift work was found that disappeared after correction for BMI. However, in their updated analysis, it was concluded that BMI only partly explained the relationship (8). Shift work has adverse health effects, including cardiovascular disease (20) . Shift work induces disturbed sleep (21) , which in turn has been found to increase the risk for T2D (12, 22, 23) , and interferes with the normal synchrony between the lightdark cycle, sleeping, and eating, which may influence the function of the endocrine system (24) . A relation among shift work/sleep disturbances, insulin resistance, and T2D may well be mediated through adiposity or weight gain influenced either by disturbances of the hormone systems or by changed dietary and exercise patterns (24) . Finally, we could not confirm previous cross-sectional results in the SDPP of an association between low SOC and T2D in women (4). Also, low SOC did not predict T2D in men when potential confounders, above all psychological distress, were taken into account. It is not unlikely that the measures of SOC and psychological distress may share some components or to some extent capture similar conditions. To our knowledge, there is only one other prospective study that examined the association between SOC and T2D (25) . That study included men in a forest-industry corporation, and the diagnosis of diabetes was prescription-based (25) . Partly in line with our results, a weak SOC was associated with an increased risk of diabetes.
In this study, the observed risk for T2D differed between men and women according to the interaction terms for job strain. It may be speculated that the different effects of work stress in men and women on T2D are partly due to different opportunities for recovering from high work-stress levels. It has been suggested that the lack of restitution may be a greater health problem than the absolute levels of stress (26) . In studies of Swedish white-collar workers, it has been shown that men and women at the same occupational level respond equally to stress at work. In contrast, after work, the stress levels of men were more rapidly reduced, while those of women remained elevated (26) (27) (28) . The greater amount of unpaid work connected to household responsibilities and child care may be a contributing factor to sustained stress levels in women (29, 30) . Even though Swedish men have increased their household work hours and women decreased theirs since 1974, women's weekly hours of house work were more than double that of men in 2000 in the age-group 18-74 years (31) . In our study of middle-aged individuals, we were not able to measure the amount of household work or stress levels after work in either men or women.
Strengths of this study include the prospective design and the use of OGTTs at both the baseline and follow-up health examinations to define T2D. We were able to follow individuals free of disease (i.e., those characterized with NGT at baseline), implying that reversed causality was not likely. The cohort includes both men and women, which provides the opportunity to display separate estimates. We had information on many established risk factors for T2D, such as family history of diabetes, BMI, smoking, and physical inactivity, as well as education, civil status, and psychological distress, and could therefore adjust for these potential confounders. We found some differences between participants and nonparticipants regarding work stress-related factors and potential confounders. However, the differences were small, and if they had any influence, the present results would probably have been underestimated. Nonresponse bias, which is regarded to be a problem in observational studies, has been reported to be minimal in the studied cohort (12, 32) . A limitation is that we were not able to perform more detailed exposure analyses on overtime or shift work due to the small number of T2D cases.
In conclusion, work stress may contribute to the development of T2D, especially in women. Whether this is due solely to women's work situation or is an accumulation effect from work stress and stress in the home situation, leading to lack of opportunity for recovery, remains an interesting question.
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